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(57) ABSTRACT

A system and method for imaging and aligning antennas that
includes an overlay imaging aligner composed of two or more
antennas in association with a polarization gate, a polariza-
tion beam splitter, a non-polarizing beam splitter, a beam
dump, one or more imaging lens and a common detector
array. The overlay imaging aligner aligns the antennas by
overlaying simultaneous digital images associated with the
antennas on the common detector array. The antennas can be,
for example, mm Wave antennas, waveguides, etc. The detec-
tor array generates real-time digital images the antennas.
Such an approach of simultaneous imaging leverages the
spatial resolution of digital optical imaging to aligning
antenna components.
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SIMULTANEOUS IMAGING AND PRECISION
ALIGNMENT OF TWO MILLIMETER WAVE
ANTENNAS BASED ON
POLARIZATION-SELECTIVE MACHINE
VISION

TECHNICAL FIELD

[0001] Embodiments are related to millimeter wave anten-
nas. Embodiments are also related to techniques, devices and
systems for aligning millimeter wave antennas. Embodi-
ments are additionally related to polarization-selective
machine vision elements and the simultaneous imaging and
precise alignment of millimeter wave antennas.

BACKGROUND OF THE INVENTION

[0002] In recent years an increasing number of systems
have been developed in the mm-wave and terahertz frequency
ranges. At these high frequencies (e.g., 50-500 GHz), wave-
lengths can approach sub-millimeter dimensions. With such
wavelength scales, the mechanical alignment of waveguide
and antenna components becomes increasingly difficult.
Antenna characterization techniques, such as those used in
extrapolation measurements, near field measurements, and
general spatial antenna characterization require the precise
positioning of antenna components.

[0003] Atthese frequencies, new techniques must be devel-
oped for achieving the same alignment tolerances that have
been traditionally straightforward to achieve in the MHz and
lower GHz regimes. Although other alignment approaches
using laser tracking systems have been previously proposed,
anew approach is disclosed herein including a compact opti-
cal alignment tool that utilizes polarization-selective optical
elements and imaging optics to simultaneously capture and
align, in real-time, two digital images of the components that
are to be aligned along a common axis to within sub-wave-
length precision and accuracy.

BRIEF SUMMARY

[0004] The following summary is provided to facilitate an
understanding of some of the innovative features unique to
the disclosed embodiment and is not intended to be a full
description. A full appreciation of the various aspects of the
embodiments disclosed herein can be gained by taking the
entire specification, claims, drawings, and abstract as a
whole.

[0005] It is, therefore, one aspect of the disclosed embodi-
ments to provide for a method and system for simultaneous
imaging and precise alignment of at least two mm Wave
antennas.

[0006] It is another aspect of the disclosed embodiments to
provide for a method and system of aligning antennas utiliz-
ing a polarization-selective machine vision approach.

[0007] It is yet another aspect of the disclosed embodi-
ments to provide for an OIA (Overlay Imaging Aligner) to aid
in the alignment of antenna components.

[0008] It still another aspect of the disclosed embodiments
to provide for a method and system of simultaneous imaging
that leverages the spatial resolution of digital optical imaging
to aligning antenna components.

[0009] The aforementioned aspects and other objectives
and advantages can now be achieved as described herein. A
system and method is disclosed for imaging and aligning
antennas that includes an overlay imaging aligner composed
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of two or more antennas in association with a polarization
gate, a polarization beam splitter, a non-polarizing beam
splitter, a beam dump, one or more imaging lens and a com-
mon detector array. The overlay imaging aligner aligns the
antennas by overlaying simultaneous digital images associ-
ated with the antennas on the common detector array. The
antennas can be, for example, mm-Wave antennas,
waveguides, etc. The detector array generates real-time digi-
tal images of the antennas. Such an approach of simultaneous
imaging leverages the spatial resolution of digital optical
imaging to aligning antenna components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying figures, in which like reference
numerals refer to identical or functionally-similar elements
throughout the separate views and which are incorporated in
and form a part of the specification, further illustrate the
embodiments and, together with the detailed description,
serve to explain the embodiments disclosed herein.

[0011] FIG. 1 illustrates a block diagram of an OIA (Over-
lay Imaging Aligner) system, in accordance with the dis-
closed embodiments;

[0012] FIG. 2 illustrates a schematic diagram of a configu-
ration depicting the image shift resulting from tilt errors in
mirror, in accordance with the disclosed embodiments.
[0013] FIG. 3 illustrates a schematic diagram depicting a
configuration including the beam path and alignment of the
internal diode laser, in accordance with the disclosed embodi-
ments.

[0014] FIG. 4 illustrates a schematic diagram of a system
depicting first and second “virtual horns” produced by
respective TPX lenses with respect to “real” horns in accor-
dance with the disclosed embodiments;

[0015] FIG. 5 illustrates a graph that plots data for frequen-
cies, 380 GHz, 400 GHz, and 450 GHz where the value of
IS12] has been normalized by the IS12] value obtained with
the OIA alignment at the 0 um position, in accordance with
the disclosed embodiments; and

[0016] FIG. 6 illustrates a high-level flow chart of opera-
tions depicting logical operational steps of a method for vir-
tual horn alignment, in accordance with the disclosed
embodiments.

DETAILED DESCRIPTION

[0017] The embodiments will now be described more fully
hereinafter with reference to the accompanying drawings, in
which illustrative embodiments of the invention are shown.
The embodiments disclosed herein can be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete
and will fully convey the scope of the invention to those
skilled in the art. Unnecessary detail of known functions and
operations may be omitted from the current description so as
not to obscure the present invention. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0018] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
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It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0019] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0020] Many situations call for the alignment of two anten-
nas or waveguiding components along a common axis, as in
the case of extrapolation range measurements, or relative to a
baseline coordinate system as in planar, cylindrical and
spherical near-field scanning. Compared to the mm-wave and
low THz frequency regimes, the alignment process at lower
frequencies is aided by the fact that the wavelength can be
large compared to the mechanical apparatus used to manipu-
late and orient the antenna components. At the mm-wave and
THz frequencies, the wavelength approaches mm to sub-mm
dimensions. The resulting mechanical tolerances and posi-
tion accuracy of mounts and alignment stages must be sig-
nificantly better than half a wavelength, depending on accu-
racy measurements; i.e., tens to hundreds of microns. By
applying mechanical designs and techniques used in optical
systems, where the wavelength is on the order of hundreds of
nanometers, many of these obstacles can be addressed.

[0021] FIG. 1 illustrates a block diagram of OIA (Overlay
Imaging Aligner) system 10, in accordance with the disclosed
embodiments. Note that the OIA system 10 can also be
referred to simply as the “OIA 10”. The system 10 generally
includes a polarization gate 11 composed of a retro-reflecting
mirror 8 (also referred to as “M1” in FIG. 1) and a A/4 plate
12. System 10 further includes a PBS (Polarization Beam
Splitter) 14 (e.g. a PBS cube) with respect to two waveguide
or antenna components: a first antenna 18 and a second
antenna 20. System 10 also includes a laser 28 with respect to
a non-polarizing beam splitter (BS) 16 and a beam dump 22.
System 10 further includes at least one imaging lens 24 and a
detector array 26.

[0022] The OIA system 10 can be implemented based on a
polarization-selective machine vision approach to address
alignment issues. The OIA system 10 can provide real-time
alignment of two waveguide or antenna components such as
the respective first and second antennas 18 and 20, as well as
mm-wave focusing and beam-shaping optics along a com-
mon axis, by overlaying simultaneous digital images of both
components on the common imaging detector array 26.

[0023] The real-time simultaneous imaging of the two
antenna 18 and 20 can be accomplished by generating two
polarized images from the (assumed) unpolarized scene of
the ambient or actively illuminated antennas. The unpolar-
ized light from each of the antennas 18, 20 can be separated
into two orthogonal linear polarized states via the polariza-
tion beam splitter cube (PBS) 14. Both of these orthogonally
polarized images can be reflected by the PBS 14. The image
from the second antenna 20, for example, can be directed into
the imaging lens 24 and the detector array 26.
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[0024] To combine both images, the polarization gate made
from the broadband quarter-wave plate 12 oriented at 45° to
the plane of polarization of the PBS 14 and the retro-reflecting
mirror 8 can be utilized to rotate the polarization state of the
image from the first antenna 18 by 90°. The image from the
first antenna 18 is then able to transmit through the PBS 14
and combine with the reflected image from the second
antenna 20 at the PBS 14, thereby producing an overlaid
image of both antennas. The combined image can be then
relayed to the detector array 26 via the focus-adjustable imag-
ing lens 24. The detector array 26 can provide real-time
digital images of the antenna components alignment and can
be processed in software for highly accurate and precise
antenna component alignment at the pixel level.

[0025] In some embodiments, a compact low power (e.g.,
<5 mW) laser diode operating at, for example, 635 nm wave-
length, can provide an alignment beam that is injected into the
optical path via the non-polarizing beam splitter cube 16.
Such a beam can server several functions. First, it can be
utilized as a visual reference for coarse alignment of both
antenna components to the center of the field of view (FOV)
of'both imaging channels. Second, it can be also be used to aid
in aligning the elevation and azimuth of antenna components
and setups by observing its back reflection off reflecting
reference surfaces such as waveguide flanges, and reference
mirrors.

[0026] The system 10 can be designed in some embodi-
ments with an approximate FOV of, for example, 10 cmx10
cm suitable imaging and aligning mm-wave antenna compo-
nents. In such a scenario, the working distance may be 300
mm from the center of the PBS 14 to the flange or the plane of
interest of the antenna component. All optics used in such a
particular case may possess, for example, 25 mm clear aper-
tures. The focal length of the imaging lens 24 used in such a
case may be, for example, 35 mm, giving a nominal working
magnification from antenna-to-detector of m=~—0.1. Insuch a
scenario, the detector or detector array 26 can be provided in
the form of a monochrome 1280x1024 CMOS array with a
5.2 um pixel size. It can be appreciated, of course, that these
various values and sizes represent merely one potential
embodiment, and that many variations are possible.

[0027] The precision of the antenna alignment attainable is
generally dictated by the pixel size and the camera lens focal
length, whereas the accuracy of the image overlap from each
image channel of the OIA system 10 can be dictated by the
error in the angle of the mirror 8 (i.e,, “M1”) to normal
incidence and wedge errors in the facets and beam splitting
interface of the PBS 14.

[0028] The use of an image array allows for sub-wave-
length transverse alignment precision in the mm-wave
regime. The precision in the transverse direction, Ax at the
antenna is calculated by,

p
Ax=—,
m

where, Ax, is the pixel size and in is the image magnification
defined from the antenna to the detector. In a prototype
embodiment of the OIA system 10, for example, Ax=52 um
which at an operating frequency of 300 GHz, can provide a
precision of approximately A/20.

[0029] Low PBS wedge errors and proper alignment of
mirror 8 are critical for high accuracy alignment performance
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of the OIA system 10. Manufacture specified tolerances for
the PBS 14 used in the aforementioned prototype embodi-
ment may be within +5 arc seconds. The mirror 8 can be set in
some embodiments, in an adjustable and lockable kinematic
optics mount so that it can be aligned normal the surface of the
PBS 14 to ensure proper overlay of the two image channels.
The mirror 8 may also be integrated into a monolithic real-
ization of the polarization gate 11 that would combine the
mirror 8 the quarter wave plate 12 and the polarization beam
splitter 14 into one robust unit that would be more impervious
to alignment drifts. It can be appreciated that many tech-
niques are available for aligning optical surfaces. The align-
ment of the OIA optical components are discussed next.

[0030] In order for the OIA system 10 to provide accurate
alignment of antennas, the optical axes of both Channels 1
and 2 must be collinear. It is therefore critical that the normal
of mirror 8 and the normal to the face of the PBS 14 be
accurately aligned. This is assuming the fabrication toler-
ances of the PBS 14 are sufficient enough so that any wedge
errors between the faces of the PBS 14 and the 45° beam
splitting interface can be neglected.

[0031] The transverse alignment error at the antenna, €_as
a function of mirror tilt error, A8 (for small AB) can be cal-
culated as follows:

s = ‘Smﬂ = 280[m = V) fm 1] (&)

[0032] whereeg,, is the image shift at the pixel array, {'is the
focal length of the imaging lens, in is the working magnifi-
cation, and 1 is the length from the front principal plane of the
camera lens to M1 or mirror 8.

[0033] FIG. 2 illustrates a schematic diagram of a configu-
ration 30 depicting the image shift resulting from tilt errors in
mirror 8, in accordance with the disclosed embodiments. The
schematic diagram of FIG. 2 indicates how the tilt error A6 of
mirror 8 results in a registration error of the images from
Channel 1 and Channel 2. The quarter wave plate 12 and the
non-polarizing beam splitter (BS) 16 are not shown in FIG. 2
for clarity. Alignment of a prototype OIA system 10 can be
achieved utilizing, for example, a theodolite in auto-collima-
tion mode. In such a scenario, a corner cube can be employed
to retro reflect the beam exiting the theodolite that is formed
by the internally illuminated reticle of the theodolite.

[0034] The beam exiting the theodolite and the retro
reflected beam can form two counter propagating and co-
linear beams which can form a reference optical axis used to
align the two image channels 1 and 2 of the OIA 10. The path
of the counter propagating beams may be such that the beam
exiting the theodolite enters the PBS 14 at Channel 1 and the
retro reflected beam enters at Channel 2. With the theodolite
focused on the reticle image produced by the corner cube, the
retro-reflected beam can be first aligned to the internal the-
odolite reticle. This can be accomplished by adjusting the
translation at the corner cube so that the retro-reflected reticle
image overlaps with the internal reticle in the theodolite.

[0035] Next, the PBS 14 can be set in place with its normal
face aligned to the retro-reflected beam axis. This can be
accomplished by observing the image of the reticle through
the PBS 14 with the theodolite while the orientation of the
PBS 14 is adjusted so that the internal reticle and the reflected
reticle overlap.
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[0036] Next, the mirror 8 can be put in place and aligned.
The PBS 14 can reflect 50% of the unpolarized reticle beam
exiting the theodolite toward mirror 8 thereby creating two
reflected reticle images (i.e., from mirror 8 and from the
corner cube). This second image of the reticle can be observed
as mirror 8 is adjusted so that the three reticle images gener-
ated by, 1) the corner cube, 2) mirror 8 and 3) the internal
reticle are simultaneously overlapped. The quarter wave plate
12 can be then installed to ensure that its position does not
distort the alignment of the beam path as defined by the
alignment of mirror 8 to the PBS 14. At this point the two
image channel optical axes are aligned and relay overlapping
images from Channel 1 and Channel 2 to the imaging lens 24
and the detector array 26. The overlap of these two images
will be to within an error consistent with (1) for the specified
angular error achievable with the theodolite, A6.

[0037] After aligning the mirror 8 and the PBS 14, the
internal laser can be confidently aligned so that that it pro-
duces two sections of a laser beam which are 180° apart and
of'equal power, exiting from both channels in opposite direc-
tions, and emanating from the same point. This pseudo con-
tinuous laser beam can be then employed for quick coarse
visual alignment of antenna components.

[0038] FIG. 3 illustrates a schematic diagram depicting a
configuration 32 including the beam path and alignment of
the internal diode laser, in accordance with the disclosed
embodiments. For aligning the laser, the OIA 10 can be kept
in the same positing after aligning the mirror 8 and the corner
cube. The laser diode can be rotated so that its polarization
orientation provides equal power between the outputs of the
PBS 14. The quarter wave plate 12 can be then adjusted so that
the laser beam exiting Channels 1 and 2 are equal. The laser
diode position can be then adjusted using the kinematic
mount it was supported in so that the laser beam roughly exits
the center of the ports for both image channels.

[0039] Two beams results which exit the camera/lens port,
one created by the retro-reflection off the corner cube, and one
by the front surface of the PBS 14, and can be used to align the
laser diode. The position of the laser diode can be adjusted so
that these two retro-reflected beams as observed out of the
camera/lens port overall over several meters. At this point the
laser beams can exit the center of the image ports for Chan-
nels 1 and 2 as indicated in FIG. 3. Since the laser beam is
primarily used as a visual reference, the deviation from 180°
between these two sections of the laser beam is not as critical
asthe alignment of the PBS 14, mirror 8, and the quarter wave
plate 12.

[0040] One example of antenna component alignment can
involve horn antenna alignment. In a horn antenna embodi-
ment, for example, two WR-03 horns can be aligned to the
same axis with the OIA. First the horns can be removed from
the waveguide feeds. The waveguide apertures can be then
aligned to the laser and the horns re-connected to the
waveguides. At this point both horns appear in the FOV ofthe
OIA image. Precision alignment of the horn apertures can be
then achieved by optimizing the overlap in the image by
adjusting the horn position. One can align the waveguide
apertures as well as horn apertures using the OIA which can
be helpful in determining any discrepancies in horn-to-
waveguide alignment that may be useful in characterizing the
antenna system.

[0041] The transverse alignment perpendicular to the OIA
optical axis and rotation of the antenna components about this
axis can be read directly from the pixel array data. A realistic
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alignment error determined from pixel data is on the order of
approximately 50 um-100 pm of microns taking into account
the pixel FOV of 52 pm and image contrast effects which
confuse the boundaries of the antenna components in the
image. Pixel alignment error between images can be quanti-
fied by employing image software in real time video and/or
image files can be saved for further analysis.

[0042] The azimuth and elevation of antenna components
can be aligned using several methods. A course alignment
method useful for visual assessment of azimuth and elevation
alignment involves observing the reflected laser beam back
reflection off the flanges of the antenna components. A more
accurate method involves aligning several different planes of
the antenna components to the same axis using the OIA
images. This may be accomplished by decreasing the image
depth-of-field by decreasing the F-stop of the lens, so that
only selective planes along the axis of the antenna compo-
nents are in focus. For example, simultaneous alignment of
the planes containing the throat and aperture of a horn antenna
provides a means for minimizing azimuth and elevation
errors between the two horn antennas.

[0043] For increased azimuth and elevation measurement
capability the OIA camera and imaging lens can be replaced
with an autocollimator or theodolite. In such an embodiment,
instead of producing an image, the OIA optics can relay the
two image channels to the autocollimator or theodolite for
high precision azimuth and elevation alignment of reference
mirrors or reflecting surfaces. In some embodiments, the OIA
can include an integrated laser reticle that allows for auto-
collimation capability for high precision azimuth and eleva-
tion alignment with arc-second or better accuracy.

[0044] In general, the azimuth and elevation alignment of
horn antennas can be achieved by aligning multiple planes of
the horns of the same axis. The imaging capability of the OIA
allows for many features on the antenna components other
than aperture planes to be used for alignment such as flanges
and precision alignment pins which allow for the alignment of
non-identical antennas. Because the OIA is compatible with
optical tables and mounting hardware, it can be easily mated
to opto-mechanical components for repeatable kinematic
alignment setups, independent of antenna mounting hard-
ware. This assists in addressing issues that arise from not
being able to rely on registering alignment of antenna mount-
ing components for alignment purposes.

[0045] In another embodiment, the OIA can be used to
align the axes of, for example, two WR-2.2 horns and two
TPX lenses. In such a configuration, the lens-to-lens spacing
can be 500 mm and the lens-to-horn spacing may be 50 mm.
The OIA can be centered between two sets of horns and lenses
by observing the image size of the antennas thus ensuring
equal horn-to-OIA path lengths. To quantify the alignment
accuracy, the signal level over the 325-500 GHz band can be
obtained with the OIA alignment and can be compared to the
signal level achieved via an electrical alignment.

[0046] Thetwo horns canbe aligned to each other using the
OIA in the same manner as described previously. The laser
beam can be then utilized to coarsely center the TPX lenses
along the axis of the horns. Because TPX is optically clear, the
transmitted laser beam as well as residual front and back
surface reflections can be observed inside the lenses. The
position of the lenses can be adjusted to center and minimize
the transmitted laser beam path deviation through the lenses,
as well as align the front and back lens surface reflections so
that they are co-linear with the transmitted beam.
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[0047] FIG. 4 illustrates a schematic diagram of a system
40 depicting first and second “virtual horns” 43 and 49 (dotted
outline) produced by respective TPX lenses 44, 48 with
respectto “real” horns 42, 50 in accordance with the disclosed
embodiments. System 40 thus includes “real” horns 42, 50
with respect to lenses 44 and 48 and the OIA 10. Note that the
final alignment of the lenses to the horn axes can be accom-
plished by imaging the horns through the TPX lenses using
the OIA 10. The optical clarity of the TPX lenses 44, 48
allows the OIA 10 to image through them.

[0048] Many scenarios call for using collimating mm-wave
optics with horns as in this particular scenario. Under the
collimating condition, the horn phase center is at the focal
length of the collimating mm-wave lens, and therefore the
horn aperture is typically near or inside the lens focal length.
In addition the focal length of the TPX lens at optical frequen-
cies is nearly the same as at mm-wave frequencies. Therefore
the TPX lenses can act as magnifying glasses and produce
magnified “virtual” images of the horn apertures. The pro-
duction of such virtual images by the TPX lenses 44, 48 is
shown in the configuration of FIG. 4. These virtual horn
images act as virtual objects for the OIA optics, i.e., these
“virtual horns” can be re-imaged by the OIA optics. Any
misalignment of the lenses axes relative to the horn axes will
be manifested as the appearance of these virtual horns being
misaligned. Note that the virtual images are in fact “located”
behind the actual horns but in practice appear closer since
they are magnified.

[0049] It is then a matter of aligning these virtual horns by
adjusting the TPX lenses and not the actual horns 42, 50. This
allows for direct simultaneous and accurate alignment of both
lenses to both horns along the same axis by observing the
position and overlap of these “virtual horns” in the digital
images.

[0050] To quantify the alignment accuracy achieved with
the OIA, acomparison to an electrical alignment can be made.
After performing the alignment of horns and lenses with the
OIA, the transmit horn can be translated perpendicular to the
horn propagation axis to attempt to further optimize the
power out of the receive horn. The translation of the transmit
horn can be made in, for example, 10 pm steps over a range of
+/=200 pm. The O um reference position can be defined by the
position of the transmit horn that had been determined by the
original alignment using only the OIA. The movement of the
horn relative to the O um position needed to peak the power
out of the receiver can provide a measurement of how far off
of peaked electrical alignment the OIA achieves.

[0051] FIG. 5 illustrates a graph 52 that plots data for fre-
quencies, 380 GHz, 400 GHz, and 450 GHz where the value
of1S12] has been normalized by the IS12| value obtained with
the OIA alignment at the 0 um position, in accordance with
the disclosed embodiments. It can be appreciated that the data
shown in graph 52 represents experimental data, and that
many variations are possible. Graph 52 is provided to dem-
onstrate merely example data, and is not a limiting feature of
the disclosed embodiments. In general, the vertical dotted
line 54 shown in FIG. 5 indicates the position of peak receive
power as the transmit horn is moved around the alignment
position determined by the OIA. These data show extremely
good alignment accuracy obtained with the OIA, with errors
in the relative peak electrical alignment transmitted power
<<0.1 dB and discernible antenna position errors of, Ax=~50
um which in terms of wavelength is A/16, A/15, A/13 at 380
GHz, 400 GHz, and 450 GHz, respectively.
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[0052] FIG. 6 illustrates a high-level flow chart of opera-
tions depicting logical operational steps of a method 60 for
virtual horn alignment, in accordance with the disclosed
embodiments. As indicated in block 62, a step or logical
operation can be implemented in which the lenses are
removed and a first horn (e.g., horn 42 of FIG. 4) is centered
with respect to an alignment laser (e.g, laser 28 of FIG. 1).
Next, as depicted at block 64, a step or logical operation can
be implemented in which a second horn (e.g., horn 50 shown
in FIG. 4) is aligned to the first horn by observing the over-
lapped images from the OIA 10.

[0053] Thereafter, as shown at block 66, a step or logical
operation can be implemented in which the first lens (e.g,
TPX lens 44) is placed in the system (e.g., system 40 of FIG.
4) with the first horn near the focal length of the first lens. The
OIA focus can be adjusted so that the first “virtual horn” (e.g.,
virtual horn 43) is in focus in the OIA image. Following
implementation of the operation indicated at block 66, a step
or logical operation can be implemented as described at block
68 in which the first lens is adjusted so that the first virtual
horn is centered in the FOV of the OIA 10 and appears to fill
the aperture of the first lens.

[0054] Finally, as illustrated at block 70, a step or logical
operation can be implemented in which the second lens (e.g.,
TPX lens 48 of FIG. 4) is placed in the system 40, and the
second lens is adjusted to that the second virtual horn (e.g,
virtual horn 49 of FIG. 4) overlaps the first virtual horn in the
OIA image.

[0055] Itcanbe appreciated that in some embodiments, the
addition of an integrated laser reticle may allow the OIA to be
used in an auto-collimation mode in addition to the transverse
image alignment mode discussed herein. Auto-collimation
capability can improve the angular sensitivity and accuracy of
the current OIA design by allowing for simultaneously align-
ing the azimuth and elevation of two antennas using a refer-
ence mirror to arc-second or better accuracy.

[0056] Based on the foregoing, it can be appreciated that a
number of embodiments, preferred and alternative, are dis-
closed herein. For example, in one embodiment, a system can
be implemented for imaging and aligning antennas. Such a
system can include an overlay imaging aligner that includes
two or more antennas in association with a polarization gate,
a polarization beam splitter, a non-polarizing beam splitter, a
beam dump, one or more imaging lens and a common detec-
tor array. In such a system, the overlay imaging aligner can
align the antennas by overlaying simultaneous digital images
associated with the antennas on the common detector array.

[0057] Inanother embodiment, the common detector array
can be implemented as an imaging detector array. In still
another embodiment, the aforementioned antennas can be
provided as mm Wave antennas. In yet other embodiments,
such antennas may constitute waveguides. In another
embodiment, the imaging detector array can generate real-
time digital images of the at least two antennas. In yet another
embodiment, two or more horns can be provided in associa-
tion with the lenses and the overlay imaging aligner, such that
the lenses produce magnified images of respective apertures
of the horns to generate “virtual” horn images for use in
aligning the lenses to the horns.

[0058] In another embodiment, a method for imaging and
aligning antennas can be provided. Such a method can
include, for example, steps or logical operations for config-
uring an overlay imaging aligner to include two or more
antennas in association with a polarization gate, a polariza-
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tion beam splitter, a non-polarizing beam splitter, a beam
dump, one or more imaging lens and a common detector
array, and aligning the antennas via the overlay imaging
aligner by overlaying simultaneous digital images associated
with the antennas on the common detector array by leverag-
ing the spatial resolution of the digital optical images to
aligning antenna components associated with the antennas. In
other embodiments, steps or logical operations can be pro-
vided for associating at least two horns with the lenses and the
overlay imaging aligner, and aligning the lenses to the horns
by employing the lenses to produce images of respective
apertures of the horns to generate virtual horn images for use
in the aligning of the lenses to the horns.

[0059] It will be appreciated that variations of the above-
disclosed and other features and functions, or alternatives
thereof, may be desirably combined into many other different
systems or applications. Also, that various presently unfore-
seen or unanticipated alternatives, modifications, variations
or improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed
by the following claims.

What is claimed is:

1. A system for imaging and aligning antennas, said system
comprising:

an overlay imaging aligner comprising:

at least two antennas in association with a polarization

gate, a polarization beam splitter, a non-polarizing beam
splitter, a beam dump, at least one imaging lens and a
common detector array, wherein said overlay imaging
aligner aligns said at least two antennas by overlaying
simultaneous digital images associated with said at least
two antennas on said common detector array.

2. The system of claim 1 wherein said common detector
array comprises an imaging detector array.

3. The system of claim 1 wherein said at least two antennas
comprise mm-Wave antennas.

4. The system of claim 1 wherein said at least two antennas
comprise waveguides.

5. The system of claim 2 wherein said imaging detector
array generates real-time digital images of said at least two
antennas.

6. The system of claim 3 wherein said imaging detector
array generates real-time digital images of said at least two
antennas.

7. The system of claim 1 further comprising at least two
horns in association with said at least two lenses and said
overlay imaging aligner, wherein said at least two lenses
produce magnified images of respective apertures of said at
least two horns to generate virtual horn images for use in
aligning said at least two lenses to said at least two horns.

8. An system for imaging and aligning antennas, said appa-
ratus comprising:

at least two antennas in association with a polarization gate

comprising a retro-reflecting mirror and a quarter plate,
apolarization beam splitter, a non-polarizing beam split-
ter, a beam dump, at least one imaging lens and an
imaging detector array, wherein said overlay imaging
aligner aligns said at least two antennas by overlaying
simultaneous digital images associated with said at least
two antennas on said imaging detector array.

9. The system of claim 8 wherein said at least two antennas
comprise mm Wave antennas.

10. The system of claim 8 wherein said at least two anten-
nas comprise waveguides.
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11. The system of claim 8 wherein said imaging detector
array generates real-time digital images of said at least two
antennas.

12. The system of claim 9 wherein said imaging detector
array generates real-time digital images of said at least two
antennas.

13. The system of claim 8 further comprising at least two
horns in association with said at least two lenses and said
overlay imaging aligner, wherein said at least two lenses
produce magnified images of respective apertures of said at
least two horns to generate virtual horn images for use in
aligning said at least two lenses to said at least two horns.

14. The system of claim 9 further comprising at least two
horns in association with said at least two lenses and said
overlay imaging aligner, wherein said at least two lenses
produce magnified images of respective apertures of said at
least two horns to generate virtual horn images for use in
aligning said at least two lenses to said at least two horns.

15. A method for imaging and aligning antennas, said
method comprising:

configuring an overlay imaging aligner to include at least

two antennas in association with a polarization gate, a
polarization beam splitter, a non-polarizing beam split-
ter, a beam dump, at least one imaging lens and a com-
mon detector array;
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aligning said at least two antennas via said overlay imaging
aligner by overlaying simultaneous digital images asso-
ciated with said at least two antennas on said common
detector array by leveraging a spatial resolution of said
digital optical images to aligning antenna components
associated with said at least two antennas.

16. The method of claim 15 wherein said common detector
array comprises an imaging detector array.

17. The method of claim 15 wherein said at least two
antennas comprise mm Wave antennas.

18. The method of claim 15 wherein said at least two
antennas comprise waveguides.

19. The method of claim 16 wherein said imaging detector
array generates real-time digital images of said at least two
antennas.

20. The method of claim 15 further comprising:

associating at least two horns with said at least two lenses

and said overlay imaging aligner; and

aligning said at least two lenses to said at least two horns by

employing said at least two lenses to produce images of
respective apertures of said at least two horns to generate
virtual horn images for use in said aligning of said at
least two lenses to said at least two horns.
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